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Introduction

49
Local cryotherapy has been widely used in the acute treatment of traumatic injuries such as fractures, 50 dislocations, sprains, and pulled muscles. It has also been applied for recovery after daily training and 51 sports competitions. At all levels of athletic performance, it is common to see ice bags applied to knees,
52
shoulder joints, thigh muscles, etc. The use of cryotherapy in the management of sports injuries was 53 first reported in Greece in the 1950s. Knight proposed that cryotherapy retards cellular metabolism and 54 mitigates impairment caused by secondary hypoxia in the injured area [1] . This theory is accepted as 55 the standard explanation for the mechanism underlying local cryotherapy in sports injury management.
56
However, there are numerous uncertainties regarding the efficacy and basic mechanism of local 57 cryotherapy. For example, previous in vivo studies reported that cryotherapy was both effective [2] [3] [4] 58 and ineffective [5, 6] in the treatment of soft tissue injuries. Two systematic reviews on cryotherapy for 59 soft tissue injuries concluded that the efficacy of cryotherapy remains unclear and further study is 
71
influence of recurring cold stimulations must also be clarified as the actual numbers of cold stimulations 72 differed among trainers and experiments. In our previous study, we used only three cold stimulations.
73
In the present study, we varied the numbers of cold stimulations and conducted in vitro, ex vivo, and
74
in vivo experiments on myoblasts, muscle fibroblasts, whole mouse tibialis anterior muscle, and mouse 75 limbs. The aim was to elucidate the basic molecular mechanisms of local cryotherapy (especially 76 transcription and gene expression). We also investigated cAMP response element binding protein 1
77
(CREB1) as a transcriptional factor because earlier reports showed that CREB1 is associated with 78 mitochondrial biogenesis via the upregulation of peroxisome proliferator-activated receptor gamma 79 coactivator 1-alpha (PGC-1α) as a CREB-targeting gene [11] [12] [13] . Our previous study revealed that cold 80 stimulation at the optimal temperature increases mitochondrial number and activity [10] . Thus, it was 81 hypothesized that multiple cold stimulations at the optimal temperature enhance mitochondrial 82 biogenesis through transcriptional CREB activation and Pgc-1α upregulation. 
95
Cold stimulations of each cell line were performed according to the method of a previous study [10] 96 with minor modifications. In brief, the C2C12, 3T3-L, HF, and L6 lines were seeded at a density of 2 x 97 10 5 cells in six-well culture plates containing 2 mL medium per cell and incubated at 37 ℃. After 24 h,
98
the culture plates were wrapped in polyethylene bags and placed for 15 min in a shaded container
99
holding water cooled to 4 ℃. This chilling process was performed once, twice, or thrice with 15-min 100 intervals between coolings. During the intervals, the cells were maintained in the incubator at 37 °C.
101
After each cold stimulation, cells were harvested and subjected to western blotting. An overview of 102 these experimental procedures is presented in Fig. 1a . 
110
Cells subjected to cold stimulations were dissolved in lysis buffer (50 mM Tris-HCl (pH 7.4), 150 mM 111 NaCl, 1% NP40, 1 mM EDTA, 10 mM NaF, and 2 mM Na3VO4) with protease inhibitor cocktail (Nakalai
112
Tesque, Kyoto, Japan). The cell lysates were centrifuged at 12,000 × g for 15 min at 4 °C and total protein 113 in the supernatants was measured with a bicinchoninic acid (BCA) protein assay kit (TaKaRa Bio,
114
Kusatsu, Shiga, Japan). The protein concentrations were adjusted to 2 mg mL -l with SDS-PAGE buffer 
177
were measured and 10 μg protein was subjected to western blotting to detect p-CREB, CREB, and CBP 178 as previously described. In an independent assay, Sepasol ® -RNA I Super G (Nakalai Tesque, Kyoto,
179
Japan) was used according to the manufacturer's instructions to extract total RNA from each TA muscle 180 sample at 1 h after the final cold stimulations. Reverse transcription and cDNA generation were 181 performed with 500 ng total RNA and PrimeScript™ RT Master Mix (Takara Bio, Kusatsu, Shiga, Japan).
182
The cDNA was diluted 10× with nuclease-free water. Quantitative PCR (qPCR) was performed with a 183 KAPA SYBR Fast qPCR kit (Nippon Genetics Co. Ltd., Bungyo-ku, Japan) to evaluate the expression 184 levels of the genes targeting CREB. The 18s ribosomal RNA expression was also measured and gene 185 expressions were normalized by the 2 -ΔΔCt method. Primer sequences are presented in Table 1 
240
Normally distributed data of four groups were subjected to one-way ANOVA in GraphPad Prism v. 
263
The p-CREB1:CREB1 ratios in whole cell lysates increased with the number of cold stimulations. 
Cold stimulations upregulated the CREB-targeting gene and induced CREB1 phosphorylation
288
One-to three cold stimulations significantly induced CREB1 phosphorylation in TA muscle. However,
289
the intensities of the p-CREB1 bands in response to one, two, or three cold stimulations were nearly 290 equal (Figs. 6a, b) . Conversely, the expressions levels of the CREB1-targeting genes significantly
291
increased with the number of cold stimulations. A single cold stimulation had almost no effect at 292 enhancing gene expression whereas two or three cold stimulations (especially the latter) significantly 293 upregulate the genes (Fig. 7) . 
295
305
Chronic cold stimulations of mouse limb significantly increased mtDNA copy number in the muscles.
306
Mitochondrial components, complexes, and biogenesis and the expression levels of CREB-targeting 307 genes were also increased. The average rate of increase was ~1.5-2× (Figs. 8a-e) . However, acute cold 
377
In vivo experiments revealed that the mitochondrial DNA copy number, the genes associated with 378 mitochondrial components, complexes, and biogenesis, and the CREB-targeting genes were 379 considerably increased in response to three 15-min cold stimulations per day for 9 d. In contrast, single
380
and short-term cold stimulations had virtually no effect on any of the aforementioned parameters. 
399
There are some limitations to this study in that we used only cell lines and animals. Therefore, the 400 knowledge gained here cannot be directly applied to human subjects. 
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